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(54) Abstract Title 

An air d'rffuser system with elastomeric duck billed check valves 



(57) The air diffuser for use in an aeration tank has a conduit manifold (11, Figure 9) with a plurality of duck 
billed check valves 1 made from an elastomeric material such as rubber. Each valve has a cuff 4 which can be 
slipped over a segment of the manifold and held in place by a hose clamp 5. The fluid, such as air, travels from 
the conduit through the internal main cavity 7 and bill 2 of each valve and then exits through the bill slit 3. 
Internal passages 6 which are bored into the valves separate the air into individual streams. The size and 
number of passages in each valve can be selected to increase or decrease the amount of air discharged. In 
addition to the number and size of passages, the flow of air can be controlled by using valves of different 
stiffness. As shown in Figure 4, two or more valves can be fabricated on a common cuff to increase the 
number of valves on and therefore the diffusion from the manifold with a minimum of installation effort. The 
check valves allow air to flow out of the conduit manifold into the tank but prevent back flow of, for example 
sludge into the bill slit 3. 
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DIFFUSER SYSTEM 
BACKGROUND OF THE INVENTION 
Field of the Inventi <n 

The invention relates to a diffuser system having check valves 
5 of the so-called "duckbill" type for use in sewage treatment system 

2 • Description of the Prior Art 

EPA directives and studies on aeration of sewace 
direct attention to the fact that one of the simplest, most 
inexpensive methods of cleaning up or partially cleaninc 
10 sewage is to aerate it with either oxygen or air. 

There are many plants worldwide that clean or 
partially clean sewage by aeration. There are many 
products to allow air into the process. Sewage is 
processed in a very large tank, known as an "aeration 
15 tank". At the bottom of this tank are many devices 
allowing air to float through sludge and sewage. One such 
device is a porous or perforated ceramic dome. A problem 
with this dome is that algae grows on the dome and blocks 
the holes . 

20 There are many other companies that make a 

network of piping with valves that allow air to bubble 
through the system. When the air is shut off, the sludge 
must be prevented from backing in and plugging the holes. 
Therefore, a check valve is required. Generally speaking, 
the sludge and raw sewage in the aeration tank is 3 feet 
deep. In other cases, however, the sludge is 10 feet deep 
which requires larger, high volume check valves to overcome 
the head pressure. 

The check valve should be maintenance free. 
Currently, there are many metal check valves cn the market. 
However, the filthy sludge and sewage clogs, packs, jams, 
and generally makes the metal valves inoperative. An 
elastomeric check valve, constructed from a material such 
as rubber, would operate trouble free. 
35 The customer wants to know the volume and 

pressure of the air being introduced into the sewage. It 
would be advantageous to provide the check valve with a 

I 
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predetermined orifice size and an arrangement to allow a 
very exact quantity of air into the system. 

SUMMARY OF TEE INVENTION 
The present invention is a virtually maintenance 
5 free air diffuser system designed for sewage treatment 
applications. The preferred embodiment of the diffuser 
system comprises a manifold, a fluid inlet orifice, and 
elastomeric check valves attached to the manifold. 

The manifold can take on an infinite number of 

10 shapes and may be constructed from most types or 
composition of conduit material, depending on the 
particular application. For example, the manifold may 
simply consist of one finite section of conduit arranged 
linearly or, alternatively, an infinite number of conduit 

15 pieces forming squares, circles, triangles, "H" - shapes, 
"I/'- shapes, W I" -shapes, "U" -shapes, "E" - shapes , or any 
other conceivable arrangement. For sewage treatment 
applications, the shape of the manifold will probably be 
dictated by the shape of the reservoir. 

20 The check valves are molded from an elastomeric 

material, such as rubber or reinforced rubber, eliminating 
the sedimentary clogs found in the prior art's metal 
valves. Individual valves can be attached directly to the 
manifold or two or more valves can have their inlet ends 

25 fabricated on a common cuff before being attached to the 
manifold. The valves may also be attached to the manifold 
using any one of a wide range of intermediary coupling 
devices. For example, and without limitation, coupling 
devices may be restrictive orifices, tt Y" -shaped conduits, 

3 0 or conduit nipples. 

The check valves can also be bored with different 
size internal orifices, predictably controlling the volume 
and pressure of a released fluid. The orifices are bored 
longitudinally into the check valve's bill from inside the 

3 5 valve's main cavity. 

It can be appreciated that any combination of 
conduit, valves, and intermediary coupling devices can be 
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employed to obtain the desired results. For the purpose of 
example only, check valves containing internal orifices can 
be intermixed with valves having no internal holes, "Y-- 
shaped conduits can be used with check valves sharing a 
common cuff, and alternating valves can be fitted with 
restrictive orifices, etc. 

Further details and advantages of the invention 
may be seen from the following detailed description, in 
conjunction with the accompanying drawings, wherein like 
reference numerals represent like parts. 

3RIEF DESCRIPTION CF THE DRAWINGS 

Fig. 1 is a perspective view of an air diffuser 
valve according to the invention; 

Fig. 2a is a cross-sectional view taken along 
line Ila-IIa of Fig. 1; 

Fig. 2b is a cross-sectional view taken along 
line lib- lib of Fig 1 ; 

Fig. 3a is a cross-sectional view of an air 
diffuser valve according to a second embodiment of the 
invention; 

Fig. 3b is a further cross -sectional view of the 
air diffuser valve of Fig. 3a; 

Fig. 4 shows two air diffuser valves incorporated 
into a common cuff; 

Fig. 5 is a cross-sectional view of an air 
diffuser valve with a pre -threaded nipple attached to the 

CUf f ; 

Fig. S shows the air diffuser of Fig. 1 with a 
threaded restrictive orifice attached to the cuff; 

Fig. 7 shows two air diffuser valves attached to 
a threaded "Y" conduit; 

Fig. 8 shows two air diffuser valves, each having 
a threaded restrictive orifice and attached to a "Y" 
conduit; and, 

Fig. 9 is a typical manifold with multiple air 
diffuser valves attached. 



h 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention provides a new, improved type of 
air diffuser system. More specifically, this air diffuser 
system is ideal for aerating effluent in wastewater 
5 treatment plants as part of the wastewater purification 
process, commonly described as the "activated sludge" 
process. During this process, air is injected near the 
bottom of an aeration tank containing wastewater and 
bacterial floe. As the air rises to the surface, seme of 
10 the oxygen in the air is transferred to the wastewater and 
is consumed by the bacteria during the digestion process. 

There are many types of air diffusers currently 
in use but they all suffer from a common problem. They 
become plugged up with accumulated algae and sludge that 
15 settles on and in them. 

The present invention provides an air diffuser 
system that uses many small, individual check valves (or 
"air diffuser valves") attached to a conduit manifold. The 
particular type of check valve 1, sometimes referred to as 
20 a "duckbill", can be made in many configurations and out of 
many materials. They can be made using various durometers 
of an elastomeric material, such as rubber or fabric 
reinforced rubber, depending on the stiffness required in 
any specific application. All other parameters being the 
25 same, if the check valve is made stiffer, less air will 
flow. If it is made softer, more air will flow. 

A preferred embodiment is shown in Figs. 1 # 2a 
and 2b. Fig. 1 shows the general external configuration of 
an individual check valve 1. The check valve has a cuff 4, 
3 0 which is inserted onto a segment of conduit or other 
suitable coupling device. Clamp 5 is then tightened over 
the cuff 4, holding the air diffuser valve 1 in place. A 
fluid, such as air, enters the check valve 1 through cuff 
4, travels through the internal main cavity 7 and bill 2, 
35 and then exits through the bill slit 3. Figs. 2a and 2b 
are sectional views that show the use of internal passages 
(holes) 6 to separate the air into individual streams and 
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also cont rol the amount or air discharged. With mors 
holes, mere air will flow. With fewer holes, less air will 
flow. The holes 6 may be drilled longitudinally into the 
bill 2 to provide a predetermined orifice size and allow a 
very exact, measured quantity of air to be introduced into 
the sewage . 

3y increasing the size of the holes 6, the amount 
of air discharged will be increased. Conversely, by 
decreasing the size of the holes, the amount of air 
discharged will be decreased. It should be understood that 
while three holes are shown as an example, mere or fewer 
holes (even no holes , only a bill slit 3 as shown in 
section views 3a and 3b) could be used dependinc on the 
size of the check valve 1 . This ability to optimize air 
flow, by selecting the size and quantity of holes 6, is in 
addition to being able to alter the overall stiffness of 
the check valve by using different durcmeters of an 
elastomeric material, such as rubber, adding or eliminating 
reinforcing plies, and modifying construction details. 

Many other configurations can be made, using 
various coupling devices, without departing from the 
invention. One such alternate configuration is shown in 
Fig. 4, where two valves 1 are fabricated on a common cuff 
4 to simplify installation. Of course, three, four, or 
more check valves 1 could be fabri cated on a common cuff 4 
to increase the number of check valves and thereby increase 
diffusion with a minimum of installation effort. 

Another alternate configuration is shewn in Fig. 
7, where two check valves 1 are installed on a common "Y-- 
shaped conduit 10 to simplify installation. Again, three, 
four, or more check valves could be installed on a multiple 
"tree" (not shown) or a U T" -shaped conduit (not shown) to 
increase the number of check valves and thereby increase 
diffusion with a minimum of installation effort. In this 
example, the n Y" -shaped conduit 10 is made from polyvinyl 
chloride (PVC) plastic and is threaded to allow convenient 
assembly to manifold 11. 



Another configuration to simplify installation is 
shown in Fig. 5. Here the check valve 1 is preassembled to 
a PVC conduit nipple 8 to reduce installation time and 
effort . 

Fig. 6 shows the conduit nipple 8 replaced with 
a threaded restrictive orifice 9 in the general area of the 
cuff 4, This arrangement allows for adjusting fluid flow 
by reducing the amount of fluid entering the check valve. 

As an alternate to the molded "Y" -shaped conduit 
coupling member shown in Fig. 4, check valves 1 as shown in 
Figs. 5 and 6 can be preassembled to a PVC "Y" - shaped 
conduit 10 as shown in Figs. 7 and 8, respectively. 

The manifold 11 can be made of any suitable 
conduit material, preferably a corrosion resistant material 
such as polyvinyl chloride (PVC) plastic or stainless 
steel. The check valves 1 allow air to flow cut of the 
manifold 11 and into the process, but prevent the backflow 
of sludge into the bill slit 3 and conduit manifold 11. 
This nonplugging feature saves substantial maintenance 
labor and thereby reduces operating costs by avoiding the 
need to drain the aeration tank to clean the diffuser 
system - a messy and time-consuming task. 

Fig. 9 shows a typical conduit manifold 11 using 
multiple check valves 1 as described by this invention. 
The manifold 11 can assume many other configurations by 
adding or subtracting conduit sections. The check valves 
1, each molded from an elastomeric material such as rubber, 
are individually slipped over PVC nipples and held in place 
with stainless steel hose clamps 5. Any of these 
materials, of course, can be substituted with ether 
suitable materials without departing from the invention. 
The cuff 4 may be replaced by a flange (not shown) as will 
be apparent to those skilled in the art. The entire 
manifold 11, with or without check valves, can be 
prefabricated in a convenient place and then lowered into 
the aeration tank. Only a single inlet fitting 13 needs to 
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be on the conduit manifold 11 for admitting air to the 
manifold. 

Although the check valves are shown pointing 
upward in this example, other orientations can also be 
used. For example, they can point down, horizontal, or any 
other suitable angle. 

It should be understood that this invention is 
not limited to activated sludge applications but is useful 
anywhere it is desirable to inject and diffuse one process 
fluid (liquid, gas, powder, etc.) into another process 
fluid for the purpose of aeration, diffusion, agitation, or 
mixing. 

It is not intended to limit the invention, excect 
as set forth in the following claims. 
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WE CLAIM : 

1. A diffuser system comprising: 

a manifold having a first end, a second end, and 
a longitudinal axis, said manifold having a plurality of 
openings along said longitudinal axis; 

a fluid inlet fitting on said manifold; and 
a plurality of elastomeric check valves, each 
valve having a molded body, said body having a bill end, an 
inlet end, a body wall, said body wall forming an internal 
cavity, said cavity extending from said inlet end to said 
bill end, said inlet end connected to a corresponding 
ooening on said manifold. 

2 . The diffuser system of claim 1 further 
comprising at least one branch conduit connected to said 
manifold, said branch conduit having a plurality of 
openings, with an elastomeric check valve connected tc each 
ooening in said branch conduit. 

3. The diffuser system of claim 1 further 
comprising a plurality of coupling devices, said devices 
each having at least one manifold end and at least one 
diffuser end, said manifold end connected to a 
corresponding opening on said manifold, said diffuser end 
connected to an inlet end of at least one elastomeric check 
valve . 

4. The diffuser system of claim 3 wherein the 
ccuoier device is selected from a group consisting of a 
tt Y" -shaped conduit, a restrictive orifice, and a conduit 
nipple. 

5. The diffuser system of claim 1 wherein the 
elastomeric check valves are made of rubber. 

6. The diffuser system of claim 1 wherein the 
elastomeric check valves are made of reinforced rubber. 

8 
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7. The ciiffuser system of claim 1 wherein at 
least one elastomeric check valve has at least one internal 
passage extending longitudinally from the internal cavity 
into the bill end. 

8. The diffuser system of claim i wherein the 
inlet ends are fabricated on a common cuff, said cuff 
connected to a corresponding opening cn said manifold. 

9. A diffuser system comprising: 
a manifold having a first end, a second end, and 

a longitudinal axis, said manifold having a plurality of 
openings along said longitudinal axis; 

a fluid inlet fitting on said manifold; 
a plurality of coupling devices, said devices 
each having at least one manifold end and at least one 
diffuser end, said manifold end connected to a 
corresponding opening on said manifold; and 

a plurality of elastomeric check valves, each 
valve having a molded body, said body having a bill end, an 
inlet end and a body wall, said body wall forming an 
internal cavity, said cavity extending from said inlet" end 
to said bill end, said inlet end connected to a diffuser 
15 end on one of said coupling devices. 

10. The diffuser system of claim 9 wherein the 
inlet ends of said elastomeric check valve are fabricated 
on a common cuff, said cuff connected to a corresponding 
diffuser end on one of said coupling devices. 

11. The diffuser system of claim 9 wherein the 
at least one elastomeric check valve has at least one 
internal bore extending longitudinally from the internal 
cavity into the bill end. 
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12. The diffuser system of claim 9 wherein said 
coupling device is a restrictive orifice. 

13. The diffuser system of claim 9 wherein said 
coupling, device is a "Y" -shaped conduit. 

14. The diffuser system of claim 9 wherein said 
coupling device is a conduit nipple. 

15. The diffuser system of claim 9 wherein said 
fluid is air. 

16. The diffuser system of claim 9 wherein the 
elastomeric check valves are made of rubber. 

17. The diffuser system of claim 9 wherein the 
elastomeric check valves are made of reinforced rubber. 

18. A diffuser system comprising: 

a manifold having a first end, a second end, and 
5 a longitudinal axis, said manifold having a plurality of 
openings along said longitudinal axis; 

a fluid inlet fitting on said manifold; 

a plurality of coupling devices selected from a 
group consisting of a U Y" -shaped conduit, a restrictive 
10 orifice, and a conduit nipple, each coupling device 
connected to one of said openings on said manifold; and 

a plurality of elastomeric check valves, each 
valve having a molded body, said body having a bill end, an 
inlet end and a body wall, said body wall forming an 
15 internal cavity, said cavity extending from said inlet end 
to said bill end, said bill end having at least one 
internal bore extending longitudinally from said internal 
cavity into said bill end, said inlet end connected to a 
corresponding opening on one of said coupling devices. 
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19. The diffuser system of claim 18 wherein the 
inlet ends are fabricated on a common cuff, said cuff 
connected to a corresponding diffuser end on one of said 
coupling devices. 

20. The diffuser system of claim 18 wherein said 
elastomeric check valves are made of rubber. 

21. A diffuser system substantially as hereinbefore 
described with reference to and/or as shown in the accompanying drawings. 
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